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A B S T R A C T
New geochronological data from the Albera Massif confirm the presence of an Early – Mid Ordovician igneous 
event (472 - 465Ma) recorded in the pre-Variscan rocks of the Pyrenees. This event resulted in the emplacement 
of a large granitic body in the lower part of the pre-Upper Ordovician metasedimentary succession and in the 
intrusion of a series of metric sized dykes in the middle and upper parts of it. The two types of igneous rocks 
were gneissified during subsequent Variscan deformation. The geochronological data confirm the occurrence of 
the gneiss as having derived from an Ordovician intrusive sheet, as in other Pyrenean massifs. The dykes are 
considered to be the subvolcanic equivalent of the intrusive sheet. The data also provide insight into the age of the 
metasedimentary series of the massif and enable us to correlate the dated rocks with other gneissic and subvolcanic 
bodies of the Variscan massifs of the Pyrenees and Iberia.
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INTRODUCTION
The origin and significance of the large gneissic bodies 
that crop out at the core of metamorphic massifs in the 
Pyrenees has long been a subject of debate. Initial studies 
conclude that large granitic orthogneisses represent a 
Cadomian basement overlain by a lower Paleozoic cover 
(Autran et al., 1966; Autran and Guitard, 1969; Guitard, 
1970; Vitrac-Michard and Allègre, 1975). In contrast, 
pioneering geochronological work suggests an Ordovician 
age for the protoliths of the orthogneisses (Jäger and 
Zwart, 1968; Majoor, 1988). Although some works based 
on structural field data, (Sebastián et al., 1982; Liesa, 
1988; Vilà, 2003) have challenged the basement - cover 
interpretation, recent geochronological data have provided 
evidence contradicting this interpretation. These studies 
conclude that an Early – Mid Ordovician magmatic event 
(477-467Ma) gave rise to the protoliths of the Canigó, 
Roc de Frausa and Aston - Hospitalet gneisses (Cocherie 
et al., 2005; Castiñeiras et al., 2008a and Denele et al., 
2009, respectively). The absence of a Cadomian granitic 
basement and the presence of an Ordovician magmatism 
in the Pyrenees is comparable to the one described in 
other areas of northern Gondwana (Pin and Marini, 1993; 
Valverde-Vaquero and Dunning, 2000) and have been 
extensively discussed (e.g. Barbey et al., 2001; Deloule et 
al., 2002; Laumonier et al., 2004; Cocherie et al., 2005; 
Castiñeiras et al., 2008a).
In this scenario, the Albera massif played a prominent 
role, given that the basement-cover model was defined in this 
massif (Autran et al., 1966). This model was subsequently 
applied to other gneissic cored massifs of the Pyrenees 
(Guitard, 1970). However, no geochronological data on the 
Albera gneiss has been available to date. In this work, we 
present new geochronological data that furnish evidence of 
a well defined Early – Mid Ordovician magmatic event in 
this massif. The significance of the event is discussed and 
compared to other gneissic bodies of the Variscan massifs 
of the Pyrenees and the Iberian realm.
gEOLOgICAL SETTINg 
The Albera massif is located at the easternmost end 
of the Pyrenees where Variscan basement rocks crop out 
extensively (Fig. 1). It presents a half dome structure 
resulting from a set of E-W trending Neogene normal 
faults that cross cut the central part of the massif. The faults 
also account for the cropping out of the lowermost rocks 
(Figs. 1, 2). To the west, the massif is bounded by La 
Jonquera fault; to the south, the Valleta Fault marks the 
boundary between the low-grade metamorphic rocks 
of the Albera massif and the medium to high-grade 
rocks of the Cap de Creus massif (Fig. 2). Three main 
lithological units can be distinguished: i) a pre-Upper 
Ordovician metasedimentary sequence including acidic 
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metaigneous rocks, ii) a large orthogneiss body, and iii) 
Variscan plutonic rocks, mainly granitoids. 
The pre-Upper Ordovician metasedimentary sequence is 
divided into a Lower Series and an Upper Series separated 
by a characteristic layer of black metapelites that constitutes 
the top of the Lower Series (Fig. 2) (Cirés et al., 1994; Vilà et 
al., 2005, 2007). The Lower series is composed of alternating 
layers of metagreywackes and metapelites with abundant 
centimetric discontinuous layers of white plagioamphibolic 
rocks. Discontinuous layers of metabasites, calc-silicate 
rocks, quartzites and marbles crop out throughout the whole 
Lower series. The Albera orthogneiss constitutes the main 
interlayered unit in the Lower series which is up to 500m 
thick. The series below the orthogneiss is migmatitic with 
alternating leucosomes, mesosomes and melanosomes. 
Plagioamphibolic and metasedimentary layers are also 
present. These characteristic layers and the abundance of 
pelitic minerals in the migmatites enable us not only to relate 
the two series but also to term these migmatites paragneisses 
after Autran et al. (1966). Towards the upper stratigraphic 
levels, the metasediments become gradually darker and 
more pelitic until they form a continuous unit of black 
metapelites known as the Black Series. The black metapelites 
are interbedded with white quartzites and blue-grey marble 
beds. The Upper Series is formed by alternating layers of 
metapelites and metapsammites with thin microconglomerate 
(2m thick), marble and black metapelite intercalations (Cirés 
et al., 1994; Laumonier et al., 1996; Vilà et al., 2005, 2007). 
Acidic metaigneous rocks form discontinuous bodies cross 
cutting the Upper Series and the Black Series. They correspond 
to gneissified subvolcanic dykes and sills or discontinuous 
lense–shaped layers of lava flows and volcaniclastic tuffs. 
They contain quartz and feldspar porphyroclasts in a finer 
grained matrix and their composition corresponds to that of 
peraluminous leucogranites and granites (Vilà, 2003). In this 
paper they will be termed rhyolithic metaporphyries.
The age of the sequence remains to be resolved because 
of its azoic character, although a Cambro-Ordovician (pre-
Caradocian) age has been suggested (Fontboté, 1949; 
Cavet, 1957). A Mid/Late Cambrian age (Laumonier, 
1988; Perejón, et al., 1994) or a Late Cambrian/Early 
Ordovician (Guitard et al., 1998) has been proposed for its 
upper part. Recent radiometric dating of interlayered metatuffs 
in neighbouring massifs (Cap de Creus, Roc de Frausa and 
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Canigó massifs) has yielded a Late Neoproterozoic-Early 
Cambrian age (580-540Ma) for the lower part of the succession 
(Cocherie et al., 2005; Castiñeiras et al., 2008a). Lithological 
similarities of the Cap de Creus and Albera sequences allow us 
to correlate the series, which suggests a Late Neoproterozoic-
Early Cambrian age for the Lower series of the Albera Massif 
though no pre-Variscan interlayered igneous rocks of the 
Albera massif have been dated so far. 
The Albera orthogneiss is formed by K-feldspar 
porphyroclasts surrounded by a matrix rich in quartz, 
feldspar and biotite. It is derived from a large pre-Variscan 
sheet-shaped granitoid intrusion. Guitard (1970) considered 
this gneiss to be equivalent to the G2 Canigó gneiss on the 
basis of its mineralogy and texture. According to Vilà (2003), 
it is derived from a peraluminous granodiorite.
Variscan intrusives are represented by three main 
groups of rocks: an anatectic leucogranite, a composite 
intrusion, namely the Sant Llorenç - La Jonquera batholith 
and El Castellar leucogranite. The anatectic leucogranite 
is formed by peraluminous dykes and stocks emplaced at 
the deepest outcropping tectonic levels in the anatectic and 
perianatectic domains (Autran et al., 1970; Vilà, 2003). It 
intruded synchronously with the main tectonic phase and 
regional metamorphism. The Sant Llorenç - La Jonquera 
intrusion is a sheet-shaped body made up of calc-alkaline 
granodiorites, tonalites and granites with associated small 
mafic complexes composed of diorite-gabbro stocks and 
ultramafic rocks, and leucogranite dykes (Autran et al., 
1970; Cocherie, 1985; Liesa and Carreras, 1989). The more 
mafic rocks are emplaced at lower structural levels in high-
grade metamorphic domains whereas the acidic rocks, which 
form the top of the pluton, are intruded at higher structural 
levels in low-grade metamorphic domains. The Sant Llorenç 
- La Jonquera and the mafic complexes develop a contact 
metamorphic aureole overprinting the main foliation but 
show a fabric that is related to a later folding phase. 
The El Castellar leucogranite forms a small elongated 
pluton intruded into the metasediments close to the La 
Jonquera plutonic complex. It represents one of the peripheral 
intrusions (Debon et al., 1995) of the La Jonquera complex 
and it is peraluminous and heterogeneous with numerous 
metasedimentary enclaves and pegmatite dykes (Vilà, 2003; 
Vilà et al., 2005).
ShRIMp U-pb zIRCON gEOChRONOLOgy
Sample and zircon description
The samples collected for U-Pb zircon analysis 
correspond to two rhyolithic metaporphyries (samples 
A-08-1, A-08-2) and to an orthogneiss (sample A-08-5) 
(Fig. 2). Samples A-08-1 and A-08-2 are white – orange 
aphanitic massive rocks with discontinuous green to 
grey coloured thin foliated layers. They are mainly 
constituted by quartz and minor feldspar porphyroclasts 
(1-5mm) that are prominent in a fine-grained groundmass 
(0.02-0.05mm) composed of quartz, altered feldspar 
and phyllosilicates (muscovite and scarce chlorite). The 
phyllosilicates define an anastomosing foliation that wraps 
the porphyroclasts. Quartz outlines are rounded with 
deep embayments characteristic of magmatic corrosion. 
The field relations together with the compositional and 
textural features of these rocks allow us to interpret them as 
former hypabissal or subvolcanic rocks, probably granitic 
porphyries. 
Sample A-08-5 is an augen orthogneiss of granitic 
composition made up of quartz, microcline, plagioclase, 
biotite and small amounts of muscovite and opaque ore. 
Biotite and muscovite define a coarse discontinuous 
foliation separating quartz-feldspar layers, 2-3mm thick. 
Quartz constitutes the groundmass and shows both 
undulose extinction and subgrains. It displays a relatively 
uniform grain size of 0.4mm. Microcline and plagioclase 
constitute porphyroclasts that range from 1-4cm. 
Microcline is perthitic and exhibits tartan twinning owing 
to deformation.
Zircons from the three samples were isolated using 
gravimetric and magnetic techniques. About 40 zircon 
grains per sample were handpicked under a binocular 
microscope. They were selected from the most idiomorphic 
crystals to avoid all possibility of inheritance. The preferred 
zircons were mounted in epoxy resin together with some 
chips of zircon standard R33 (Black et al., 2004). Prior to 
isotopic analysis, the zircons were imaged with transmitted 
and reflected light on a petrographic microscope, and 
with cathodoluminescence on a JEOL JSM 5600 electron 
microscope housed at SUMAC (Stanford-US Geological 
Survey micro analysis centre). After the analysis, secondary 
electron images were taken to locate the exact position of 
the spots.
Zircon crystals from sample A-08-1 may be colourless, 
pale yellow or light purple and may contain few inclusions. 
Mineral habit is variable, commonly plain prisms with 
differently shaped pyramid terminations and length-
to-breadth ratios between 1:3 and 1:5. In some cases, 
the prisms are composite, resulting in stubbier zircons 
(aspect ratios of 1:1 or 1:2). Broken and moderately 
rounded grains are common irrespective of their habit. 
Under cathodoluminescence, they exhibit clear core-
rim structures with abundant inherited cores mantled by 
magmatic oscillatory zones (Fig. 3). The zircon yield 
from sample A-08-2 was poor, less than a hundred grains 
extracted from ~20 kg of rock, compared with the previous 
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sample. Zircons are mainly brownish and practically free 
of inclusions. The most frequent habits are dipyramidal 
prisms and equant grains due to the presence of composite 
faces (Fig. 3). Cathodoluminescence reveals a luminescent 
oscillatory zoning in most grains commonly surrounded by 
non-luminescent rims. The sharp limit between areas with 
different luminescence suggests that the rims are magmatic 
rather than metamorphic in origin. Xenocryst cores are 
rare. The orthogneiss (sample A-08-5) provided the most 
abundant zircon yield. Zircon grains can be colourless or 
coloured in different yellow tones with few inclusions. The 
most common habit is dipyramidal prisms with aspect ratios 
between 1:3 and 1:5, but more complex habits or rounded 
grains can also be found. Under cathodoluminescence, 
zircons display broad oscillatory zones, typical of magmatic 
environments (Fig. 3). 
U-Th-Pb analyses of zircon were conducted using the 
Bay SHRIMP-RG (Sensitive High-Resolution Ion Microprobe 
- Reverse Geometry). The analytical procedure followed for 
zircon dating is described elsewhere (e.g., Premo et al., 2008). 
The concentration of U was calibrated with zircon standard CZ3 
(550ppm U, Pidgeon et al., 1995), and isotopic compositions 
were calibrated against R33 (419 Ma, Black et al., 2004) which 
was analyzed every fourth analysis. Squid and Isoplot software 
(Ludwig, 2002, 2003) were used for data reduction following 
the methods described by Williams (1997) and Ireland and 
Williams (2003). Ages are based on 206Pb/238U ratios corrected 
from common Pb using the 207Pb method. Analytical results 
are presented in Table 1 and plotted in Figure 4.
Cathodoluminescence images for selected zircons.FIGURE 3
tera-Wasserburg plot showing the distribution of sHriMP 
zircon analyses for samples A-08-1, A-08-2 and A-08-5. dashed and 
dotted ellipses represent analyses not considered for the mean age 
calculation. Grey arrows indicate modern Pb-loss track. Error ellipses 
are ±2σ.
FIGURE 4
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U-pb results
Twelve zircon grains from sample A-08-1 were 
analyzed, using cathodoluminescence images to target 
oscillatory zones that were considered as magmatic in 
ori-gin. Xenocryst cores were avoided whenever possible. 
Six analyses generated a mean age of 465.0±4.3 Ma (Fig. 4) 
with a mean square of weighted deviates (MSWD) of 1.9. 
This age is interpreted as the crystallization age of the 
igneous protolith. In sample A-08-2, eighteen zircons were 
analyzed in magmatic areas with oscillatory zoning using 
cathodoluminescence images to avoid non-luminescent 
rims. Seven analyses yielded a mean age of 472.0±3.0 Ma, 
MSWD=1.3 (Fig. 4). In the orthogneiss (sample A-08-5) 
nineteen analyses were obtained from magmatic areas with 
a mean age of 470.4±3.1 Ma (Fig. 4). The MSWD=2.0 
was calculated by pooling together six analyses and 
was interpreted as the crystallization age of the igneous 
protolith.
DISCUSSION AND CONCLUSIONS
New geochronological data on the Albera massif furnish 
evidence of a well defined Early-Mid Ordovician magmatic 
event that brought about the intrusion of granitic bodies 
(ca. 470Ma) and acid subvolcanic porphyritic dykes (465-
472Ma) into the pre-Upper Ordovician sequence. These 
ages range within error to the Floian, Dapigian and the 
lower part of the Darriwilian, which are roughly equivalent 
to the Arenig in the British regional series division (see 
Finney, 2005). The ages also fit in well, within error, 
sHriMP U-th-Pb zircon data of the samples from the Albera massifTABLE 1
All errors are 1s.
Zircon description: om=oscillatory magmatic.
Bold ages used to obtain the mean age.
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with those obtained for the protoliths of other Pyrenean 
orthogneisses: Canigó gneiss (467±7 to 477±4Ma, Cocherie 
et al., 2005) Roc de Frausa gneiss (476±5Ma, Castiñeiras 
et al., 2008a) and Aston and Hospitalet gneisses (470±6Ma 
and 472±2Ma, Denele et al., 2009). Late Cambrian/Early 
Ordovician ages are also frequent in the gneisses of the 
Iberian Massif (Guadarrama orthogneiss: 470 to 480 Ma, 
Vialette et al., 1987; Cardoso gneiss: 480±2Ma, La Morcuera 
gneiss: 477±4Ma, Valverde-Vaquero and Dunning, 2000; 
Miranda do Douro gneiss: 483±3Ma, Bea et al., 2006 and 
496±3Ma, Zeck et al., 2007; Sotosalbos anatectic gneiss: 
465 to 480Ma, Castiñeiras et al., 2008b, among others) 
However, it should be noted that the magmatic episode 
recognized in the Pyrenees encompasses a shorter period 
(10Ma) and that no evidence of Late Cambrian or Early 
Tremadocian magmatic activity has been recorded. 
Thus, the igneous activity related to the Cambrian rifting 
episode, widespread in the Iberian Massif (Simancas 
et al., 2004) and in other European Variscan massifs 
(Linnemann et al., 2007), has not been recognized in 
the Pyrenees. 
The intrusive bodies located in the middle and upper 
parts of the successions can be regarded as the subvolcanic 
equivalent of the large granitic body coevally emplaced 
in the lower part of the succession. It should be stressed 
that the Albera massif is the only Pyrenean massif that 
has preserved shallow depth intrusive porphyries of 
Ordovician age to date. On the other hand, rhyolitic and 
rhyodacitic volcanic rocks and crystal-tuff porphyroids of 
Early Ordovician age occur in the Iberian massif (Ollo 
de Sapo and related facies: 480±2Ma, Valverde-Vaquero 
and Dunning, 2000) and in Sardinia (Lula porhyroid: 
474±13 Ma, Helbing and Tiepolo, 2005; metarhyolite 
and metadacite: 491.7±3.5 Ma to 479.9±2.1 Ma, Oggiano 
et al., 2009). According to the age obtained for these 
subvolcanic rocks, Early Ordovician (older than 472Ma) 
is the youngest age that can be assigned to the Upper 
series of the Albera massif. 
Our data confirm present day interpretations that 
consider the protoliths of all the orthogneisses to be 
intrusive and not part of an eroded Cadomian basement. 
Thus, the boundary between the gneisses and the overlying 
metasediments does not represent the basement-cover 
boundary that corresponds to the Upper Proterozoic 
– Cambrian boundary. Although further research and 
geochronological work is needed to assess the age of the 
pre-Upper Ordovician sequence (Vilà, 2003) the base of 
the Cambrian is probably located close to the top of the 
so-called Black Series of the Albera Massif (Vilà, 2003) 
or at the base of the Upper series in the Cap de Creus 
and Albera Massifs (see discussion in Castiñeiras et al., 
2008a).
ACKNOWLEDgMENTS   
This work was supported by the Spanish Commission for 
Science and Technology, project CGL-2007-66857CO2-02 and 
the Consolider-Ingenio 2010 programme, under CSD2006-00041 
“Topoiberia”. We wish to thank the SUMAC staff at Stanford 
University, especially Joe Wooden and Ariel Strickland for their 
help in operating the SHRIMP instrument and in interpreting the 
results. The stay of P. Castiñeiras at the SUMAC facility was 
funded by a Profesores UCM en el extranjero travel aid. This 
manuscript was improved thanks to the revision of B. Laumonier 
and F. Bea. George von Knorring revised the English of the 
manuscript.
REFERENCES   
Autran, A., Fonteilles, F, Guitard, G., 1966. Discordance du 
Paléozoïque inférieur métamorphique sur un socle gneissique 
antéhercynien dans le massif des Albères (Pyrénées 
orientales). Comptes Rendus Académie Sciences Paris, 263 
(SD), 317-320.
Autran, A., Fonteilles, F, Guitard, G., 1970. Rélations entre les 
intrusions de granitoïdes, l’anatéxie et le métamorphisme 
régional considérées principalment du point de vue du rôle de 
l’eau: cas de la chaine hercynienne des Pyrénées Orientales. 
Bulletin Société Géologique France, serie 7, 12, 673-731.
Autran, A., Guitard, G., 1969. Mise en évidence de nappes 
hercyniennes de style penninique dans la série métamorphique 
du massif du Roc de France (Pyrénées orientales): Liaison 
avec la nappe du Canigou. Comptes Rendus Académie 
Sciences Paris, 269, 2479-2499.
Barbey, P., Cheilletz, A., Laumonier, B., 2001. The Canigou 
orthogneisses (Eastern Pyrenees, France, Spain): an Early 
Ordovician rapakivi laccolith and its contact aureole. Comptes 
Rendus Académie Sciences Paris, 332, 129-136.
Bea, F., Montero, P., Talavera, C., Zinger, T., 2006. A revised 
Ordovician age for the Miranda do Douro orthogneiss, 
Portugal. Zircon U-Pb ion-microprobe and LA-ICPMS 
dating. Geologica Acta, 4, 395-401.
Black, L.P., Kamo, S.L., Allen, C.M., Davis, D.W., Aleinikoff, 
J.N., Valley, J.W., Mundil, R., Campbell, I.H., Korsch, R.J., 
Williams, I.S., Foudoulis, C., 2004. Improved 206Pb/238U 
microprobe geochronology by the monitoring of a trace-
element-related matrix effect, SHRIMP, ID-TIMS, ELA-ICP-
MS and oxygen isotope documentation for a series of zircon 
standards. Chemical Geology, 205, 115-140.
Castiñeiras, P., Navidad, M., Liesa, M., Carreras, J. Casas, J.M., 
2008a. U–Pb zircon ages (SHRIMP) for Cadomian and Early 
Ordovician magmatism in the Eastern Pyrenees: New insights 
into the pre-Variscan evolution of the northern Gondwana 
margin. Tectonophysics, 461, 228-239.
Castiñeiras, P., Villaseca, C., Barbero, L., Martín Romera, C., 
2008b. SHRIMP U-Pb zircon dating of anatexis in high-grade 
M .  L I E S A  e t  a l .
G e o l o g i c a  A c t a ,  9 ( 1 ) ,  9 3 - 1 0 1  ( 2 0 1 1 )
D O I :  1 0 . 1 3 4 4 / 1 0 5 . 0 0 0 0 0 1 6 5 1
U-Pb Zr age of Ordovician magmatism in the Eastern Pyrenees
100
migmatite complexes of Central Spain: implications in the 
Hercynian evolution of Central Iberia. International Journal 
of Earth Sciences, 97, 35-50.
Cavet, P., 1957. Le Paléozoïque de la zone axiale des Pyrénées 
orientales françaises entre le Roussillon et l’Andorre. Bulletin 
Service Carte Géologique France, LV, 254, 216pp.
Cirés, J., Morales, V., Liesa, M., Carreras, J., Carreras, J., Escuer, 
J., Pujadas, J.,1994. Mapa geológico de España. Scale 
1:50.000, 2nd series, nº 220, La Jonquera. Madrid, Instituto 
Tecnológico Geominero de España 53pp, 1 folded map.
Cocherie, A., Baudin, Th., Autran, A., Guerra, C., Fanning, C.M., 
Laumonier, B., 2005. U-Pb zircon (ID-TIMS and SHRIMP) 
evidence for the Early Ordovician intrusion of metagranites 
in the late Proterozoic Canaveilles Group of the Pyrenees and 
the Montagne Noire (France). Bulletin Societé Géologique de 
France, 176, 269-282.
Cocherie, A. 1985 Interaction manteau-croûte: son rôle dans la 
genèse d’associations plutoniques calco-alcalines, contraintes 
geochimiques (élements en traces et isotopes du stronium 
et de l’oxygène). Doctoral Thesis. Université de Rennes, 
Bulletin Recherche Géologique et Miniére, 90, 246pp. 
Debon, F., Enrique, P., Autran, A., 1995. Magmatisme Hercynien. 
In: Barnolas, A., Chiron, J.C. (eds.). Synthèse géologique et 
géophysique des Pyrénées. Edition Edition Bureau de Recherches 
Géologiques et Minières (France) - Instituto Tecnológico y 
Geominero de España (BRGM-ITGE), 1, 361-499.
Deloule, E., Alexandrov, P., Cheilletz, A., Laumonier, B., Barbey, 
P., 2002. In-situ U-Pb zircon ages for Early Ordovician 
magmatism in the eastern Pyrenees, France: the Canigou 
orthogneisses. International Journal of Earth Sciences, 91, 
398-405.
Denele, Y., Barbey, P., Deloule, E., Pelleter, E., Olivier, Ph., 
Gleizes, G., 2009. Middle Ordovician U-Pb age of the 
Aston and Hospitalet orthogneissic laccoliths: their role 
in the Variscan evolution of the Pyrenees. Bulletin Societé 
Géologique de France, 180, 209-21.
Finney, S., 2005. Global Series and Stages for the Ordovician 
System. A progress Report. Geologica Acta, 3, 309-316.
Fontboté, J.M., 1949. Nuevos datos geológicos sobre la cuenca 
alta del Ter. Anales del Instituto de Estudios Gerundenses, IV, 
57pp.
Guitard, G., 1970. Le metamorphisme hercynien mésozonal et les 
gneiss oeillés du massif du Canigou (Pyrénées Orientales). 
Mémoires Bureau de Recherches Géologiques et Minières 
(France) (BRGM), 63, 353pp.
Guitard, G., Laumonier, B., Autran, A., Bandet, Y., Berger, G.M., 
1998. Notice explicative, Carte géologique France (1:50.000), 
feuille Prades (1095). Orléans, Mémoires Bureau de Recherches 
Géologiques et Minières (France) (BRGM), 198pp. 
Helbing, H., Tiepolo, M., 2005. Age determination of Ordovician 
magmatism in NE Sardinia and its bearing on Variscan 
basement evolution. Journal Geological Society London, 
162, 689-700.
Ireland, T.R., Williams, I.S., 2003. Considerations in zircon 
geochronology by SIMS. In: Hanchar, J.M., Hoskin, P.W.O. 
(eds.). Zircon. Mineralogical Society of America, Washington. 
Reviews in Mineralogy and Geochemistry, 53, 215-241.
Jäger, E., Zwart, H.J., 1968. Rb-Sr age determinations of some 
gneiss and granites of the Aston-Hospitalet massif (Pyrenees). 
Geologie en Mijnbouw, 47, 5, 249-358.
Laumonier, B., 1988. Les groupes de Canaveilles et de Jujols 
(«Paléozoïque inférieur») des Pyrénées orientales. Arguments 
en faveur de l’âge essentiellement cambrien de ces séries. 
Hercynica, 4, 25-38.
Laumonier, B., 1996 Cambro-Ordovicien. In: Barnolas, A., 
Chiron, J.C. (eds.). Synthèse géologique et géophysique des 
Pyrénées. Édition Bureau de Recherches Géologiques et 
Minières (France) - Instituto Tecnológico y Geominero de 
España (BRGM-ITGE), 1, 157-209.
Laumonier, B., Autran, A., Barbey, P., Cheilletz, A., Baudin, Th., 
Cocherie, A., Guerrot, C., 2004. Conséquences de l’absence 
de socle cadomien sur l’âge et la signification des séries pré-
varisques (anté-Ordovicien supérieur) du sud de la France 
(Pyrénées, Montagne Noire). Bulletin Societé Géologique de 
France, 175, 643-655.
Liesa, M., 1988. El metamorfisme del vessant sud del Massís 
del Roc de Frausa (Pirineus Orientals). Doctoral Thesis. 
Barcelona, Universitat de Barcelona, unpublished, 233pp.
Liesa, M., Carreras, J., 1989. On the structure and metamorphism 
of the Roc de Frausa Massif (Eastern Pyrenees). Geodinamica 
Acta, 3, 149-161. 
Linnemann, U., Verdes, A., Drost, K. Buschmann, B., 2007. The 
continuum between Cadomian orogenesis and opening of 
the Rheic Ocean: Constraints from LA-ICP-MS U-Pb zircon 
datingand analysis of plate-tectonic setting (Saxo-Thuringian 
zone, northeastern Bohemian Massif, Germany). Geological 
Society of America, 423(Special Paper), 61-69.
Ludwig, K.R., 2002. SQUID 1.02, a user’s manual. Berkeley 
Geochronology Center Special Publication, 2, 17pp.
Ludwig, K.R., 2003. ISOPLOT/Ex, version 3, A Geochronological 
Toolkit for Microsoft Excel. Berkeley Geochronology Center 
Special Publication, 4, 71pp.
Majoor, F.J.M., 1988. On the age and origin of the Aston gneiss 
massif, Central Pyrenees. Hercynica, 4, 57-61.
Oggiano, G.,Gaggero, L., Funedda, A., Buzzi, L., Tiepolo, M., 
2009. Multiple early Paleozoic volcanic events at the northern 
Gondwana margin: U–Pb age evidence from the Southern 
Variscan branch (Sardinia, Italy). Gondwana Research, 17(1), 
44-58, doi:10.1016/j.gr.2009.06.001.
Perejón, A., Moreno Eiris, E., Abad, A., 1994. Montículos de 
arqueociatos y calcimicrobios del Cámbrico Inferior de 
Terraldes, Gerona (Pirineo Oriental, España). Boletín de 
la Real Sociedad Española de Historia Natural, Sección 
Geológica, 89, 55-95.
Pidgeon, R.T., Furfaro, D., Kennedy, A.K., Nemchin, A.A., van 
Bronswjk, W., 1995. Calibration of zircon standards for the 
Curtin SHRIMP II. United States Geological Survey Circular, 
1107, 251.
Pin, C., Marini, F., 1993. Early Ordovician continental break-up 
in Variscan Europe: Nd-Sr isotope and trace element evidence 
G e o l o g i c a  A c t a ,  9 ( 1 ) ,  9 3 - 1 0 1  ( 2 0 1 1 )
D O I :  1 0 . 1 3 4 4 / 1 0 5 . 0 0 0 0 0 1 6 5 1
M .  L I E S A  e t  a l . U-Pb Zr age of Ordovician magmatism in the Eastern Pyrenees
101
from bimodal igneous associations of the Southern Massif 
central, France. Lithos, 29, 177-196.
Premo, W.R., Castiñeiras, P., Wooden, J.L., 2008. SHRIMP-RG 
U-Pb isotopic systematics of zircon from the Angel Lake 
orthogneiss, East Humboldt Range, Nevada: Is this really 
Archean crust? Geosphere, 4, 963-975.
Sebastián, A., Martínez, F.J., Gil Ibarguchi, I., 1982. Petrología y 
geoquímica de los gneises de Queralbs-Nuria (Provincia de 
Gerona). Boletín Geológico y Minero, 93(6), 508-523.
Simancas, F., Expósito, I., Azor, A., Martínez Poyatos, D., 
González Lodeiro, F., 2004. From the Cadomian orogenesis 
to the Early Paleozoic Variscan rifting in Southwest Iberia. 
Journal of Iberian Geology, 30, 53-71.
Valverde-Vaquero, P., Dunning, G.R., 2000. New U-Pb ages for 
Early Ordovician magmatism in Central Spain. Journal of the 
Geological Society of London, 157, 15-26.
Vialette, Y., Casquet, C., Fuster, J.M., Ibarrola, E., Navidad, M., 
Peinado, M., Villaseca, C., 1987. Geochronological study of 
orthogneisses from the sierra de Guadarrama (Spanish Central 
System). Neues Jahrbuch Fur Mineralogie. Abhandlungen, 
10, 465-479.
Vilà M., 2003. Petrogènesi i estructura hercinianes del massís 
de l’Albera (Pirineus orientals). Doctoral Thesis. Barcelona, 
Universitat de Barcelona, 394pp
Vilà, M., Pin, C., Enrique, P., Liesa, M., 2005. Telescoping of three 
distinct magmatic suites in an orogenic setting: Generation 
of Hercynian igenous rocks of the Albera Massif (Eastern 
Pyrenees). Lithos, 83, 97-127. 
Vilà, M., Pin, C., Liesa, M., Enrique, P., 2007. LP-HT 
metamorphism in a late orogenic transpressional setting, 
Albera Massif, NE Iberia: implications for the geodynamic 
evolution of the Variscan Pyrenees. Journal of Metamorphic 
Geology, 25, 321-347.
Vitrac-Michard, A., Allègre, C.J., 1975. 238U-206Pb, 235U-207Pb, 
systematics on Pyrenean basement. Contributions to 
Mineralogy and Petrology, 51, 205-212.
Williams, I.S., 1997. U-Th-Pb geochronology by ion microprobe: 
not just ages but histories. Economic Geology, 7, 1-35.
Zeck, H.P., Whitehouse, M.J., Ugidos, J.M., 2007. 496±3Ma 
zircon ion microprobe age for pre-Hercynian granite, Central 
Iberian Zone, NE Portugal (earlier claimed 618±9Ma). 
Geological Magazine, 144, 21-31.
Manuscript received May 2009;
revision accepted April 2010;
published Online October 2010.
